In recent years investigations of erythrocyte metabolism have been concerned with the interrelationships of enzymes, coenzymes, substrates, cofactors, and pH, inter alia (1-8). Although data have accumulated on these various aspects of the metabolism of normal and pathological erythrocytes, little direct information has been available heretofore on pyridine nucleotide coenzymes, despite their importance in both the glycolytic and the hexose monophosphate shunt pathways. The availability of these compounds in the blood of immature subjects is of particular interest because of certain abnormalities in the erythrocytes of fullterm newborn and prematurely born infants. These abnormalities, which include decreased survival of 51Cr-labeled erythrocytes in premature infants (9, 10) and increased susceptibility to Heinz body formation (11) and to methemoglobinemia (12-15) in both full-term and premature infants, as well as the occurrence of unexplained hemolytic anemias, suggest the possibility of transient biochemical defects in the erythrocytes of these young subjects. Although the activities of the pyridine nucleotide-dependent enzymes in both the glycolytic and shunt pathways are increased in the erythrocytes of young infants (16, 17) , the levels of the oxidized and reduced coenzymes themselves have not been reported.
In recent years investigations of erythrocyte metabolism have been concerned with the interrelationships of enzymes, coenzymes, substrates, cofactors, and pH, inter alia (1) (2) (3) (4) (5) (6) (7) (8) . Although data have accumulated on these various aspects of the metabolism of normal and pathological erythrocytes, little direct information has been available heretofore on pyridine nucleotide coenzymes, despite their importance in both the glycolytic and the hexose monophosphate shunt pathways. The availability of these compounds in the blood of immature subjects is of particular interest because of certain abnormalities in the erythrocytes of fullterm newborn and prematurely born infants. These abnormalities, which include decreased survival of 51Cr-labeled erythrocytes in premature infants (9, 10) and increased susceptibility to Heinz body formation (11) and to methemoglobinemia (12) (13) (14) (15) in both full-term and premature infants, as well as the occurrence of unexplained hemolytic anemias, suggest the possibility of transient biochemical defects in the erythrocytes of these young subjects. Although the activities of the pyridine nucleotide-dependent enzymes in both the glycolytic and shunt pathways are increased in the erythrocytes of young infants (16, 17) , the levels of the oxidized and reduced coenzymes themselves have not been reported.
In the present study the concentrations of DPN,l DPNH, TPN, and TPNH have been determined in the blood of healthy human adults and premature infants and in cord blood by the sensitive technique of enzymatic cycling (18 (18) with the following modifications. Nucleic acids were precipitated directly from the homogenate by the addition of 0.3 vol of 2% protamine sulfate. After the first dialysis, the dialyzed preparation was added to 1 vol of DEAEcellulose suspension, prepared as described previously (2) , and mixed for 15 minutes. About 40% of the G-6-PD remains on the adsorbent. The unadsorbed fraction, collected by centrifugation at 1,900 g in the International refrigerated centrifuge model PR-2, was treated with ammonium sulfate according to the original procedure. After the second dialysis, treatment of the dialyzed preparation with DEAE-cellulose was substituted for the series of calcium phosphate gel treatments, and the 6-PGD in the unadsorbed fraction was purified further as described originally. The above modifications burg, N. J.; DEAE-cellulose from Eastman Kodak Co. served to expedite the preparation and insure more consistent results.
Leukocytes from 90 ml of pooled cord blood were isolated by a technique described previously (19) . Hemoglobin was determined as cyanmethemoglobin (20) and plasma hemoglobin as pyridine hemochromogen (21) . Assays for the following enzymes were performed on hemolysates (1, 2) essentially according to the published methods: G-6-PD (22), 6-PGD (23), LDH (24), PGD (1), GR (25) , and Hb'R (26).
Results
Reliability of method. The stability of DPN, DPNH, TPN, and TPNH in blood samples collected in ACD and maintained thereafter at 40 C was tested at 5, 15, and 50 minutes and 1, 12, and 24 hours after collection. A variable decline, no greater than 15%o, in one or more of the nucleotides was encountered in blood samples obtained from adults after 1 hour of storage. In samples from premature infants, there was no difference from adults in the stability of TPN and TPNH. However, 1 hour after collection there were losses as great as 40%o in both DPN and DPNH in samples from premature infants. Once the aliquots of blood were diluted in the appropriate acid or alkaline solutions, the levels of all four nucleotides from all subjects remained stable at 40 C in the refrigerator, but lost variable amounts of activity at the lower temperature of the laboratory ice bucket. These latter observations on the stability of dilute solutions of endogenous pyridine nucleotides are comparable to the findings of Lowry, Passonneau, and Rock (27) Pyridine nucleotide levels of erythrocytes from ratio concomitant with increasing maturity from adults, premature infants, and cord blood. In premature to cord to adult blood, the significance analyses of whole blood, the data given in Table  III (18) and by Burch, Lowry, and Von Dippe (40) . In the steady state condition the quantity of the oxidized forms of both DPN and TPN exceeds the reduced forms. Furthermore, the quantity of oxidized TPN appears adequate for the dehydrogenase reactions of the hexose monophosphate shunt pathway. The TPN level of 10-5 mole per L is an order of magnitude higher than the Km for TPN in the G-6-PD reaction in human erythrocytes (41, 42) . Thus additional investigation appears to be indicated to reveal why glycolysis predominates in the erythrocyte.
The present studies provide no evidence for pyridine nucleotide deficiency in the erythrocytes of full-term newborn or premature infants. This observation is of interest in view of abnormalities characteristic of the erythrocytes of young infants. Limited availability of TPN in particular has been considered a possible explanation for the increased susceptibility to Heinz body formation and drug-induced hemolysis in newborn infants (43) . It should be emphasized, therefore, that measurements in this study have been obtained in the absence of oxidative stress to the erythrocytes. Since the rate of erythrocyte glycolysis is greatly increased in newborn infants, particularly in the presence of an oxidizing agent (44, 45) , the occurrence under stress of a relative deficiency of one or more of the pyridine nucleotides has not been ruled out. The further possibility that oxidants may have a direct effect upon erythrocyte pyridine nucleotide levels is considered in detail elsewhere (46) .
Stability studies demonstrating losses of DPN and DPNH as great as 40% when whole blood from premature infants is maintained at 40 C for 1 hour suggest that the erythrocytes of these subjects have increased activity of the enzyme that hydrolyzes the DPN. Although this hydrolytic activity ceases upon dilution of the blood in acid or base, it is possible that unappreciated losses may be sustained during the 1 to 2 minutes often involved in collecting blood from premature infants. Thus the in vivo levels of the DPN in the erythrocytes of premature infants may be somewhat higher than those reported here. The finding of slightly higher levels of DPN and DPNH in cord blood from full-term infants and the stability of these compounds in cord blood at 40 C indicates that the presumed increased activity of DPNase in the premature is no longer evident in the erythrocytes of full-term newborn infants.
During the in vitro preservation of blood at 40 C in ACD, numerous physical and chemical changes occur in the erythrocyte. Supplementation of the blood with adenine (47), nucleosides (inosine or adenosine) (48-50), or both (51) allays many of the deteriorative changes. The present evidence indicates, however, that pyridine nucleotides and pyridine nucleotide-dependent enzymes are maintained at approximately their steady state levels throughout storage with or without additives. These findings are of interest in light of the evidence of Jaffe and Neumann that stored erythrocytes have a diminished capacity to synthesize DPN from nicotinic acid as well as incorporate nicotinic acid or nicotinamide into DPN and TPN in comparison with fresh cells (38) . Further, Jaffe and Neumann found that although inosine is inhibitory to these processes in fresh blood, the nucleoside could effect, in part, a restoration of the ability of stored cells to carry out these reactions (38) . Since the pyridine nucleotide levels in the present study remained stable throughout storage despite the decline in the cell's pertinent synthetic capacity, it might be concluded that the enzymes that hydrolyze pyridine nucleotides in erythrocytes of adults are inactive during storage at 40 C. Quite different results in the levels of these nucleotides and enzymes can be obtained if the temperature of storage is increased to 200 C. LUhr and Waller (4) found that DPN and TPN declined to about 20% of their original levels and PGD, LDH, G-6-PD, and Hb8R to about 10 to 40%o of their original activities after 7 days of storage at 20 C. The latter data serve to emphasize that experiments performed on blood stored at elevated temperatures are not comparable to those carried out at the standard 40 C.
Summary
The concentrations of oxidized and reduced diphosphopyridine nucleotide and triphosphopyridine nucleotide have been determined and are essentially the same in erythrocytes of adults, premature infants, and cord blood. There is almost twice as much total DPN as total TPN, and in the steady state both nucleotides exist predominantly in the oxidized form. Comparative data from adult and cord leukocytes indicate that measurements of whole blood are valid indexes of the pyridine nucleotide content of erythrocytes.
During the in vitro preservation of blood at 40 C in acid-citrate-dextrose solution or with added adenine or inosine, the levels of oxidized and reduced pyridine nucleotide remain fairly constant as do the activities of pyridine nucleotide-requiring enzymes, phosphoglyceraldehyde dehydrogenase, lactic dehydrogenase, glucose-6-phosphate dehydrogenase, 6-phosphogluconic dehydrogenase, glutathione reductase, and TPNH-methemoglobin reductase.
